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(54) Uquld crystal device and process for fabricating liquid crystal device 



(57) A liquid crystal device comprising a light adjust- 
ing layer which contains a liquid crystal gel which is 
composed from liquid crystal molecules and a gelling 
agent and which exhibits substantially no fluidity. Also 
provided are a gelling agent, particularly, 1 ,2-bis-(1 1 <*- 
cyanctiphenyU'^o)uridecylcarb(^ 



ane. which is capable of easily producing the liquid crys- 
tal gel; a liquid crystal device made from the liquid 
crystal gel with substantially no fluidity; and a process 
for fabricating a liquid crystal device capable of provid- 
ing this liquid crystal device rapidly in a simple manner. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present Invention relates to a liquid crystal device and a process for fabricating a liquid crystal device. 
More particularly, the present invention relates to a liquid crystal device made from the liquid crystal gel with substan- 
tially no fluidity and a process for fabricating a liquid crystal device capable of providing this liquid crystal device rapidly 
in a simple manner. 

Description of the Background Art 

[00021 In recent years, liquid crystal devices (liquid crystal displays) including a light adjusting layer are enjoying wide 
popularity due to the advantage that a polarizing plate and orientation processing are not required to obtain superior 
brightness and clear contrast. In these types of liquid crystal devices, liquid crystal molecules are generally used as a 
material for the light adjusting layer. However, the liquid crystal molecules alone are not sufficient to satisfy a high-speed 
response which is increasingly demanded for the liquid crystal devices. 

[0003] Because of this, a high polymer dispersion-type liquid crystal has been proposed. This high polymer disper- 
sion-type liquid crystal principally has a structure with liquid crystal molecules distrfouted in a polymer wherein the opti- 
cal transmission mechanism is thought to be of a light scattering mode which ensures more rapid response than 
individual use of liquid crystal molecules. 

[0004] The high polymer dispersion-type liquid crystal is typically manufactured by polymerization method. Specifi- 
cally, two sheets of substrate with an electrode, at least one of the sheets being transparent, for example, glass plates 
with an indium tin oxide film as an electrode formed thereon, are provided. A photopolymerizable monomer, as a liquid 
polymeric raw material, and liquid crystal molecules are introduced between the two sheets. Then, the photopolymer- 
izable monomer is exposed to ultraviolet radiation or the like through the transparent substrate to induce polymerization, 
thereby producing a high polymer dispersion-type liquid crystal in which liquid crystal molecules are dispersed in a 
photo-polymerized high polymer (see, for example, Japanese Patent Applications Laid-open No. 340587/1994 No 
17910/1995, and No. 69983/1995). 

[0005] However, this conventional process requires different materials which are the photopolymerizable monomer 
and the liquid crystal molecules to be introduced into a narrow space between the two sheets of substrate during the 
process for fabricating the liquid crystal device, rt is difficult to introduce a liquid such as a liquid crystal into a narrow 
space between the two sheets of substrate homogeneously without causing air bubbles to be entrapped. In addition, 
such a procedure extends the period of time required for manufacturing and causes the production process to become 
complicated. 

[0006] Moreover, it is not easy to uniformly polymerize a phcto-polymerizable monomer by ultraviolet radiation proc- 
ess. An additional problem is the difficulty in homogeneously mixing of the resulting polymer and the liquid crystal mol- 
ecules. 

[0007] Moreover, in order to maintain an accurate distance between two sheets of substrate, a spacer is added in a 
high polymer dispersion-type liquid crystal 

[0008] Still another problem is that the low viscosity of the liquid photo-porymerizable monomer and liquid crystal mol- 
ecules makes it difficult to homogeneously disperse a spacer which is usually added to a high polymer dispersion-type 
liquid crystal to accurately maintain the distance between the two sheets of substrate. 

[0009] In addition, when a photo-porymerizable monomer is used, it is necessary to provide an exposure step after 
introducing the photopolymerizable monomer and liquid crystal molecules into the space between the two sheets of 
substrate. This requires a special exposure device, extending the manufacturing time, and makes the production proc- 
ess complicated. 

[001 0] In addition, when the liquid crystal device having a high polymer dispersion-type liquid crystal as a light adjust- 
ing layer is used for a decorative display plate such as an advertising plate a display for a clock or an electric calculator, 
a display requiring a bright screen, particularly a display for a computer terminal, a display for a projection, or the like 
such a device 

(a) must be driven by a sufficiently low voltage using a drive circuit which is commonly used at present 

(b) must exhibit reduced hysteresis (a phenomenon in which the light transmrttance shows different values during 
voltage increase and voltage decrease) which may result in a decrease of a time split drive margin and produce a 
problem in performing a gradation display and 

(c) must exhibit high contrast. 
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SUMMARY OF THE IfWENTIQN 

[001 1 ] In view of these situations, the inventors of the present invention have conducted extensive studies to solve 
the above-described problems. As a result the inventors found that a liquid crystal gel comprising a major proportion 
of liquid crystal molecules which inherently possess fluidity and a gelling agent exhibits the following characteristics 
when used in a liquid crystal device. 

(J) The liquid crystal gel can be uniformly introduced into a narrow space between two sheets of substrates without 
unevenness and without entrapping air bubbles. 

@ 709 llc l uid crystal gel can evenly and precisely locate (distribute) spacers in a space between two sheets of sub- 
strates which constitute a liquid crystal device. 

(3) Use of special exposure equipment can be eliminated in the manufacturing process, whereby the time for man- 
ufacturing liquid crystal devices can be shortened and the process simplified. 

@ Due to a homogeneous reaction of liquid crystal molecules and the gelling agent, the resulting liquid crystal 
device can be operated at a low voltage while exhibiting a high contrast display. 

<5> The liquid crystal gel can decrease hysteresis phenomenon, thereby ensuring superb reproducibility in the dis- 
play performance of liquid crystal devices. 

[001 2] Accordingly, an object of the present invention is to solve these points at issue and to provide a liquid crystal 
device which can be easily made and which can be operated at a low voltage while exhibiting a high contrast display. 
[001 3] Specif ically, the present invention is to provide a liquid crystal device using a liquid crystal gel which markedly 
increases usability and eliminates complexity in the manufacture of liquid crystal devices using a conventional high pol- 
ymer dispersion-type liquid crystal, as well as a liquid crystal device using this liquid crystal gel. 
[0014] Another object of the present invention is to provide a process capable of manufacturing the liquid crystal 
device rapidly in a simple manner by using the aJbove-mentioned liquid crystal gel. 

[0015] According to the present invention, a liquid crystal device is characterized by comprising a light adjusting layer 
which is comprised of a liquid crystal gel containing liquid crystal molecules and a gelling agent Inclusion of the liquid 
crystal molecules and gelling agent ensures that the liquid crystal molecules are substantially non-fluid and easy to 
handle and. at the same time, eliminates complexity in the production process. Therefore, by using such a liquid crystal 
gel. it becomes easy to fabricate a liquid crystal device and it is possible to operate tfie device at a low voltage while 
exhibiting a high contrast display. 

[0016] In fabricating the liquid crystal device of the present invention, it is desirable to use a compound containing at 
least two functional groups capable of forming an intermolecular hydrogen bond and at least two aikylene groups as a 
gelling agent The addition of a small amount of such a gelling agent ensures production of a liquid crystal gel in which 
the liquid crystal molecules have substantially no fluidity. 

[0017] In fabricating the liquid crystal device of the present invention, it is desirable to use the gelling agent which is 
a compound having a chiral structure. The gelation performance is remarkably increased by introducing a chiral struc- 
ture into the gelling agent. 

[0018] In fabricating the liquid crystal device of the present invention, it is desirable to use the gelling agent which is 
at least one compound selected from the group consisting of l.2-tts-(11-(4~cyancttphenyl^ 
ny1arrino)cyclohexane, 1 ,2^^urKjecylcaJtK>nylamino)cycloh8xane, 1,2,3.4-dbenzylidene-D-scfbitoJ. 12-hydroxy 
stearic acid. N-lauroyl-L-glutamic add-a,r*«s-rvbutylarride. spin-labeled steroids, cholesterol derivatives, aluminum 
dialkylphosphate. phenol-based cyclic oligomers, 2,3-bts-n-hexadecyloxyanthracene and cyclic depsipeptides 
[0019] The chemical structure of the 1.2-bis-(11-(4-cyanobipheriyl-4'-oxo)undecylcaro is 
shown by the following formula (1). 




HO 



1 



[0020] The chemical structure of the 1 ,2^isKunde<^lcarbonylamino)cyclohexane is shown by the following formula 
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/N^NCCCH^oCHa 
H 0 



10021 J The chemical structure of the 1 .2,3,4<Jibenzylidene-D-6ort)itol is shown by the following formula (3). 



15 




SO 



[0022] The chemical structure of the 12-nydroxy stearic acid is shown by the following formula (4). 




COOH 



30 



[0023] The chemical structure of the N-lauroyl-L^utamic acid-a.rbis-n-butylamide is shown by the following formula 



35 



40 



45 



SO 



/\/\/\/\/\^NH-CH- 



CONH 
CH2CH2CONH s/s/ 



(5). 



[0024] The chemical structure of the spin-labeled steroids is shown by the following formula (6). 




55 



[0025] The chemical structure of the cholesterol derivatives are shown by the following formula (7) or (8). 
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20 [0026] The chemical structure of the aluminum diall^phosphate Is sh<^ by the following formula 



0). 



25 



30 




[0027] The chemical structure of the phenol-based cyclic oligomer is shown by the following formula (10). 

35 




50 

[0028] The chemical structure of 2,3-brs-n-hexadecyloxyanthracene is shown by the following formula (1 1). 

55 



5 
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0C, 6 H 3 3 



5 



0C I6 HS3 



II 



10 



[0029] The chemical structure of the cyclic depsi peptides is shown by the following formula (12). 



CH2CH(CH 3 )2 



20 



15 




\^CH2CH(CH3>2 



12 



[0030] In fabricating the liquid crystal device of the present invention, it is desirable to use the gelling agent in an 
amount of about 0.01 to 20 mor% by weight for 1 00 mol% by weight of the total of the liquid crystal molecules and the 
gelling agent Use of the gelling agent in an amount in this range ensures production of a homogeneous liquid crystal 
gel. 

30 [0031 ] In fabricating the liquid crystal device of the present invention, it is desirable to use a biphenyl-type molecule, 
a phenylcyclohexane-type molecule, a phenytpyridine-type molecule, a cydohexyicyclohexane-type molecule, or a mix- 
ture of two or more of these types of liquid crystal molecules. 

[0032] In fabricating the liquid crystal device of the present invention, it is desirable to use the liquid crystal molecule 
which is at least one compound selected from the group consisting of 4-rvheptyloxy-4'-cyanobiphenyl, p-methoxyben- 
35 zylidene-p'-butylaniline, 4^<Jecanoxy-4'-cyanobiphenyi ( and 4-n-pentyi-4'-cyanobqpheny1. 

[0033] The chemical structure of the 4-n-heptytaxy-4'-cyanobiphenyl is shown by the following formula (1 3). 



[0034] The chemical structure of the p^nethoxybenzylidene-p'-butylaniline is shown by the following formula (14). 



40 




1 3 



45 



1 4 



55 



[0035] The chemical structure of the 4-n<JecarK^-4'-cyanobipheny1 is shown by the following formula (1 5). 
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[0036] The chemical structure of the 4-n-perrtyiQxy-4'-cyanobiphenyl is shown by the following formula (16). 

CsHuO -^-©^CN 
16 

15 



[0037] The chemical structure of the 4-n-pentyl-4'-cyanobiphenyt is shown by the following formula (1 7). 

20 

CsHi. @-@-CN 



[0038] In fabricating the liquid crystal device of the present invention, H is preferable to use the liquid crystal gel which 
30 exhibits optical anisotropy within a temperature range from about -20 to 80°C. A practical liquid crystal device can be 
prepared from the liquid crystal gel exhibiting optical anisotropy within this temperature range. 
[0039] In fabricating the liquid crystal device of the present invention, it is preferable to use a light adjusting layer with 
a thickness in the range of about 1 to 50 jim. A liquid crystal device with a fight adjusting layer exhibiting superior con- 
trast can be easily produced by limiting the thickness of the light adjusting layer to this range. 
[0040] In another feature of the present invention, a process for fabricating a liquid crystal device is provided. The 
process comprises; 



35 



® a step of preparing an isotropic solution which contains liquid crystal molecules and a gelling agent, 
<2> a step of applying(laminating) a layer of the isotropic solution on a substrate, and 
40 (3) a step of forming a liquid crystal gel by cooling the laminated (applied) isotropic solution to a temperature range 
wherein the laminated layer becomes a liquid crystal get. 

[0041] This process ensures rapid and simple fabrication of the liquid crystal devices. 

[0042] Other and further objects, features and advantages of the present invention will appear more fully from the fol- 
46 lowing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0043] 

50 

Figure 1 is a flow chart showing an embodiment of the process for synthesizing the gelling agent 

Figure 2 is a drawing showing a phase behavior of liquid crystal gel determined by the relationships between the 

ratio of the gelling agent (mor%) and temperature. 

Figure 3 is a DSC chart (during temperature decrease) of the liquid crystal get. 
«5 Figure 4 is an IR spectrum chart of the liquid crystal gel of the present invention. 

Rgure 5 is a cross-sectionaJ view of the liquid crystal device of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMFMTB 



[0044] The liquid crystal gel used in the present invention contains liquid crystal molecules commonly used for a liquid 
crystal display, for example, as a principal component. The liquid crystal molecules which are inherently fluid are gelat- 
inized as a whole and become non-fluid by the action of a coexisting gelling agent. Thus, the liquid crystal gel can be 
prepared and handled with ease. 

[0045] In addition, the liquid crystal gel used in the present invention shows thermoreverstole optical anisotropy which 
enables liquid crystal molecules included in the liquid crystal gel to be rapidly oriented causing them to display a spec- 
ified image at the low voltage. 

liquid crystal molecules 
(i)Type 

[0046] Any liquid crystal molecules which are commonly used for liquid crystal displays can be used in the present 
invention without specific limitation. Preferred general liquid crystal molecules are, for example, those described in "Liq- 
uid Crystal Device Handbook" edited by the Japanese Scientific Promotion Association, 142nd Committee (1989), 
pages 154-192; 715-722, and include a biphenyl-type molecule, a phenyl cyclohexane-type molecule, a phenytpyridine- 
type molecule, a (^dohexylcyclohexane-type molecule, or a mixture of two or more of these types of liquid crystal mol- 
ecules. 

[0047] As mentioned above, particularly preferred liquid crystal molecules are 4-n-heptylcxy-4'-cyanobiphenyl of the 
formula (13), and p-methoxybenzylidene-p'-butyianiline of the formula (14) and the like. These liquid crystal molecules 
exhibit superior mutual solubility with gelling agents and are easily gelatinized to produce liquid crystal gels. Moreover, 
these liquid crystal molecules exhibit a high-speed response to voltage. In addition, the use of these liquid crystal mol- 
ecules ensures production of a liquid crystal gel which can show optical anisotropy in a wide temperature range. 

Gellino agent 

(1) Effects 

[0048] The gelling agent of the present invention is considered to exhibit the following effects or functions: 

(a) The functional group capable of forming hydrogen bonds exhibits inter molecular function which causes a plu- 
rality of gelling agent molecules to associate, resulting in formation of macroftorous associations. 

(b) These macrof ibrous associations are bonded together by Van der Waals force or the like to form a three dimen- 
sional network structure. 

(c) Liquid crystal molecules are incorporated into this network structure to produce a liquid crystal gel. 

[0049] These functions of the gelling agent ensure efficient gelation of liquid crystal molecules by the addition of a 
small amount of the gelling agent. Moreover, the resulting liquid crystal gel can exhibit thermoreversble optical anisot- 
ropy. 

(2) Type 

[0050] It is desirable that the gelling agent used in the present invention has at least two functional groups capable of 
forming intermolecular hydrogen bonds and at least two alkylene groups in the molecule. 

[0051 ] The existence of two or more functional groups capable of forming intermolecular hydrogen bonds enables the 
gelling agent to produce a liquid crystal gel with ease and existence of two or more alkylene groups improves the gelling 
performance. 

[0052] There are no specific limitations to the group which is capable of forming intermolecular hydrogen bonds. An 
amide bond shown by the formula -NHCO- can be given as a typical example. 

[0053] An alkylene group having 4 or more carbon atoms, particularly 6 to 20 carbon atoms, is preferably used. Spe- 
cific examples are an ethylene group, butyiene group, frimethyiene group, propylene group, pentylene group, hexylene 
group, heptylene group, octylene group, and groups shown by the formula -CH^CH^nCHg-. wherein the recurring 
number n is preferably an integer from 0 to 20. 

[0054] Also, there are no specific limitations to the molecular weight of the gelling agent. Preferably, the gelling agent 
has a molecular weight of about 2000 or less. If the molecular weight is 2000 or less, orientation of liquid crystal mole- 
cules will not be hindered, yet the liquid crystal gel can be produced with ease. To provide superior gelling performance. 
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the molecular weight of the gelling agent should preferably be in the range of 150-1 000. 

[0055] The molecular weight here denotes a polystyrene-conversed molecular weight measured by gel permeation 
chromatography (GPC). 

[0056] Moreover, it is desirable that the gelling agent be a compound having a chiral structure. Possession of the chiral 
structure in the molecule remarkably improves gelling performance of the gelling agent If the gelling agent has no chiral 
structure, the agent exhfoits only a poor gelling performance and a large amount of the gelling agent may be required 
to form a liquid crystal. 

[0057] Furthermore, it is desirable that the gelling agent be a compound possessing a mesogenic structure (rigid 
structure) in a side chain. Possession of the mesogenic structure in a side chain increases the gelling performance and 
ensures that only a small amount of gelling agent is required to produce a liquid crystal gel. 
[0058] As previously mentioned. 1 ,2-bis-(1 1 -{4-cyanobipherTyl-4 , KWo)undecylcarb^ shown by 

the formula (1) and the like can be given as specific examples of the gelling agent The 1.2-bts-(1 1-(4oyanobiphenyl- 
4*-oxo)undecylH»rborTylamino)cyclohexane compound of the formula (1) is a novel compound. This compound has two 
mesogens (rigid structures) in the side chain and is an optimum gelling agent of the present invention. 

(3) Content 

[0059] Although the specific amount of the gelling agent necessary to produce the liquid crystal molecule gel varies 
according to the kind of liquid crystal molecules and gelling agent, the amount of gelling agent used is preferably in the 
range of about 0.01 to 20 mot% by weight for 100 mor% by weight of the total of the liquid crystal molecules and the 
gelling agent H less than 0.01 mol%, there is the possibility that it becomes difficult for the gelling agent to efficiently 
gelatinize the liquid crystal molecules. If more than 20 mol%, on the other hand, there is the possibility that separation 
of the liquid crystal and gelling agent is remarkable so that a homogeneous liquid crystal gel can be obtained only with 
difficulty. 

[0060] Therefore, taking the balance of efficient gelation of the liquid crystal molecules and production of a homoge- 
neous liquid crystal gel into consideration, an amount of gelling agent in the range of about 0.1-10 mof% is more pre- 
ferred. 

liquid crystal pel 

(1) Properties 

[0061] A liquid crystal gel exhibiting optical anisotropy within a temperature range of 30°C to 80°C can be obtained 
from a homogeneously mixed isotropic solution containing liquid crystal molecules and the gelling agent. 
[0062] For example, as shown more specifically by examples hereinafter, when 4-n-heptylCKy-4'-cyanobiphenyl of the 
formula (14) is used as the liquid crystal molecule and 1,2-bis-(11-{4-cyano b^enyl^'oxojurriecylcarborrylamino) 
cyclohexane of the formula (1 ) is used as the gelling agent a liquid crystal gel showing optical anisotropy within the tem- 
perature range from 32 .5° C to 71 .5°C can be obtained by cooling the homogeneously mixed isotropic solution contain- 
ing these componente. If heated again, this liquid crystal gel can return to an isotropic solution. The liquid crystal gel is 
restored by again cooling the isotropic solution. The liquid crystal gel of the present invention is thermally reversfole in 
this way. 

(2) Manufacturing process 

[0063] Although there are no specific limitations to the process for manufacturing the liquid crystal gel of the present 
invention from the liquid crystal molecules and gelling agent the following process can be given as a typical example. 

(3) A homogeneous solution is prepared by mixing prescribed amounts of liquid crystal molecules and gelling 
agent Mixing is performed using a propeller mixer or a high speed shear agitator, for example, at a rotation speed 
of 100-100000 rpm at 50-150°C for 1 to 100 minutes, although specific conditions vary according to the clearing 
temperature and the kind of liquid crystal. 

<2> Next, the resulting solution is made into a homogeneous isotropic solution by heating. The heating is preferably 
carried out. for instance, at a temperature from 50 to 150°C for 1 to 100 minutes. 

<3> The resulting isotropic solution is then cooled to produce a liquid crystal gel which exhibits optical anisotropy. 
The cooling of the isotropic solution is carried out for instance, at a temperature from 1 0 to 30°C for 1 0 to 1 00 min- 
utes. 
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(3) Form of liquid crystal gel 

[0064] The liquid crystal gel thus obtained can be made into various forms such as a film, sheet, or any other optional 
form. The liquid crystal gel of the present invention therefore can be used as appropriate conforming to the form of the 
liquid crystal device such as a liquid crystal display, actuator, or recording material. 

Liquid crystal device 

(1) Structure 

[0065] The structure of the liquid crystal device of the present invention is now described. There are no specific limi- 
tations to the structure of the liquid crystal device inasmuch as the device has a light adjusting layer containing the 
above-mentioned liquid crystal gel iricorporated therein. Accordingly, except for the material for the light adjusting layer, 
exactly the same structure is applicable as a liquid crystal device made using a conventional high polymer cfispersion- 
type liquid crystal as the light adjusting layer. 

[0066] Now, this structure is described referring to Figure 5 which shows a sectional view of the liquid crystal device 
10 of the present invention. The liquid crystal device 10 is provided with electrode layers 12, 14 on its surface to which 
a fixed voltage is applied. Two substrate sheets 1 6 and 1 8, at least one of which is transparent are placed in opposition 
at a certain distance from one another. A liquid crystal gel 20 is inserted into the space between these two substrate 
sheets 16, 18 as a light adjusting layer. The surrounding area between the substrate sheets 16, 18 is then sealed. A 
prescribed voltage is applied between the electrode layer 12 and the other electrode layer 14 from an external power 
supply source 22 to orient the liquid crystal gel, thereby driving the liquid crystal device 10 of the present invention. 
[0067] Here, it is possible to provide a spacer 24 (particles, a plate, or a column) to maintain a space between the two 
substrate sheets 16, 18 in the same manner as in conventional liquid crystal devices. The liquid crystal gel 22 of the 
present invention possesses an extremely high viscosity so that it is also possible to handle it as a film Thus, the spacer 
24 can be accurately placed in a fixed position. 

[0068] Because the liquid crystal gel 20 of the present invention can excellently maintain its shape, the two substrate 
sheets 16, 18 can be maintained with a certain distance between them without installing the spacer 24. 
[0069] The substrate sheets 16. 18 may consist of a rigid material such as glass or metal, or they may be made of a 
flexible material such as a plastic film. 

[0070] Although there are no specific limitations to the thickness of the substrate sheets 1 6, 1 8. they may have a thick- 
ness, for example, in the range from 0.01 to 10 mm, preferably from 0.1 to 1 mm 

[0071] In addition, it is desirable that at least one of the two substrate sheets 16, 18 is transparent. Here, Transparent" 
doe not necessarily mean perfect transparency. It is sufficient that the substrate be transparent to a degree required 
according to the purpose of use of the liquid crystal device. However, when the liquid crystal device 10 of the present 
invention is used to exhibit an action on the light coming to one side of the device from another side, both the substrate 
sheets 16, 18 must have significant transparency. 

[0072] The substrate sheets 16, 18 may further be provided either over part or all of their surfaces with electrode lay- 
ers 12, 14 which may be either transparent or opaque according to the purpose of use. 

[0073] When the liquid crystal device of the present invention is used as a computer terminal display or a projector 
display, it is also desirable to provide an active element on the electrode layer on the supporting body as a consistent 
part of a TFT structure. 

[0074] The thickness of the light adjusting layer is appropriately selected according to the purpose of use of the liquid 
crystal device of the present invention. To ensure sufficient contrast in the cases when the light adjusting layer is opaque 
due to scattering light and when the light adjusting layer becomes transparent with substantially no scattering light the 
thickness of the light adjusting layer should preferably be in the range from about 1 to 50 jim, and particularly preferably 
in the range from 5 to 25 prn. 

(2) Fabricating process 

[0075] Processes for fabricating the liquid crystal device of the present invention are now explained. Although not spe- 
cifically limited, the following processes 1 to 3 are given as typical examples for fabricating the liquid crystal device of 
the present invention. 
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(Process 1) 
[0076] 

CD An isotropic solution comprising liquid crystal molecules and a gelling agent is prepared. 

® The resulting isotropic solution is laminated (applied) over one of the supporting bodies (substrate). 

(3) The laminated layer is cooled to a temperature to change the isotropic solution into a liquid crystal gel thereby 

producing a liquid crystal gel as the light adjusting layer. 

@ Another substrate is layered, optionally through a spacer, on top of the formed liquid crystal gel. thereby obtain- 
ing a liquid crystal device 

[0077] According to this Process 1 for fabricating the liquid crystal device, the liquid crystal gel can be treated as a 
film 60 that the fabrication operation is very simple. In addition, because one of the supporting bodies can be used as 
the substrate to which the isotropic solution is applied, the liquid crystal gel need not be transferred. Therefore, the 
number of overall production steps can be reduced. 

(Process 2) 

[0078] 

® An isotropic solution comprising liquid crystal molecules and a gelling agent is prepared. 
@ The resulting isotropic solution is laminated over a releasable plate. 

<3> The laminated layer is cooled to a temperature to change the isotropic solution into a liquid crystal gel, thereby 
producing a liquid crystal gel. 

@ The resulting liquid crystal gel is peeled from the releasable plate and placed on one of the supporting bodies 
(substrate). 

© Another substrate is layered, optionally through a spacer, on top of the liquid crystal gel. thereby providing a liq- 
uid crystal device. 

[0079] Using this Process 2 for fabricating the liquid crystal device, a large amount of liquid crystal gel or a liquid crys- 
tal gel with a large area can be prepared in advance. Therefore, it is possible to manufacture a liquid crystal gel with 
uniform characteristics at a low manufacturing cost. 

(Process 3) 

[0080] 

(D An isotropic solution comprising liquid crystal molecules and a gelling agent is prepared. 

0 The resulting isotropic solution is laminated over one of the supporting bodies (substrate). 

<3) Immediately after the lamination of the step © above, another substrate is laminated in such a manner that the 

substrate comes into contact with the laminated layer of the isotropic solution. 

@ The laminated layer is cooled to a temperature to change the isotropic solution into a liquid crystal gel, thereby 
producing a liquid crystal gel as the light adjusting layer. 

[0081 ] This Process 3 ensures avoiding the risk of air bubbles becoming entrapped in the liquid crystal gel. 

[0082] When the isotropic solution is laminated in the Processes 1 to 3, it is desirable to apply the solution uniformly 

using an applicator, spin coater, bar coater, or roll coater. 

[0083] The operation for laminating the second sheet of substrate is preferably performed under reduced pressure to 
avoid the risk of air bubbles becoming entrapped in the liquid crystal gel. for instance, under a pressure in the range 
from about 10 to 500 torr. In Process 2, however, entrapment of air bubbles can be avoided by appiying(laminating) the 
layer of liquid crystal gel while applying pressure using a larrrinator or the like. 

[0084] The liquid crystal device is preferably sealed using a sealing resin after the substrates are laminated. Sealing 
of the substrates not only increases durability of the liquid crystal device, but also effectively prevents the liquid crystal 
gel from oozing out 

[0085] The liquid crystal device of the present invention thus fabricated can be used for the same applications as the 
liquid crystal devices using a conventional high polymer dispersion-type liquid crystal as a light adjusting layer. Exam- 
ples include a screen to cut off the field of view such as a window for buildings or a show-window; a decorative display 
plate for advertisements; a display for a clock or electric calculator; a computer terminal c£ splay, and a projector display. 
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[0086] Other features of the invention will become apparent in the course of the following description of the exemplary 
embodiments which are given for illustration of the invention and are not intended to be limiting thereof. 

EXAMPLES 

5 

Reference example 1 
(Synthesis of gelling agent) 

w [0087] 1 ,2-bis-(t 1 ^^rxfcipherryM^xoJurriecylra with the formula (1 ) was synthesized 

as a gelling agent accord ng to the reaction formula shown in Figure 1 . The reaction conditions of steps 1-4 were as 
follows. 

(1) Step 1 

15 

[0088] The following raw materials were subjected to the esterif ication reaction under reflux conditions for 24 hours 
using sulfuric acid as catalyst to obtain ethyl bromoundecylate. 

Bromoundecylic acid: 21 .0 g 
20 Sulfuric acid: 6 ml 
Ethanol: 200 ml 

(2) Step 2 

25 [0089] The ethyl bromoundecylate obtained in step 1 was reacted under ref luxing conditions for 24 hours to obtain 
ethyl 1 l-^^anobipheriyM'^Jundecylate which is the target compound. The yield was about 50%. 

Bromoundecylic acid: 1 1.6 g 
4-cyanc-4'-hydraxy biphenyl: 7.6 g 
30 Potassium carbonate: 8.6 g 
Dimethyfformamide: 50 mi 

(3) Step 3 

35 [0090] Ethanol solution with 1 .4 g of potassium hydroxide dissolved therein was added to 7.7 g of ethyl 1 1 -(4-cyano- 
biphenyl-4'-oxy)undecylate obtained in step 2. The mixture was reacted under reflux conditions for 24 hours to obtain 
1 1 K4-cyanc«phenyl-4 , K>xy)undecanok; acid which is the target compound. The yield was about 74%. 

(4) Step 4 

40 

[0091] Two drops of dimethyfformamide were added to 1.71 g of ll^-cyancttphenyl^'^Jundecanoic acid 
obtained in Step 3, followed by further addition of 1 0 ml of tfuonyl chloride. 

[0092] The mixture was stirred at room temperature for 30 minutes. After removal of thionyl chloride by volatilization, 
20 ml of dry THF was added to the residue and dissolved. Then, 0.28 g of 1.2-cydohexanediamine and 0.63 rrd of tri- 
46 ethylamine were added while cooling with water. 

[0093] Next, me mixture was reacted for 3 lioure while stirring to obtain 
chromatography and purified by recrystallizaton. 

(Analysis of gelling agent) 

50 

[0094] The resulting purified compound was subjected to NMR measurement and IR analysis. 
[0095] As a result this compound was identified as 1 ,2-bis-{1 1 ^4-cyanoc^enyl^ , KKO)uixle<^k»rborTylamino^ 
cyclohexanel of the formula (1). Separate experiments confirmed that liquid crystal molecules can be gelled efficiently 
using a small amount of this gelling agent 

55 

Reference example 2 

[0096] 4^-heptyfcory^'-cyarK)biphenyl shown by the formula (1 2) and 1 ,2-bis-(1 1 ^4<yanobiphenyl-4 , ^xo)undecyl- 
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cart»nyJ-amino)cyclohexane shown by the formula (1) were used as liquid crystal molecules and gelling agent, respec- 
tively. 14 kinds of liquid crystal gels were prepared, each having a different content of gelling agent in the range from 
0.1 to 12 mol%. 

[0097] Specific amounts of liquid crystal molecules and gelling agent were placed in a container and mixed by stirring 
using a propeller mixer at 1000 rpm for 10 minutes at a temperature higher than the temperature of the isotropic solution 
to obtain a homogeneous solution. The resulting solution was heated using an oven at 100°C for 5 minutes to obtain a 
homogeneous isotropic solution. This isotropic solution was then cooled using a cooler for 10 minutes at 23°C to obtain 
a liquid crystal gel which exhibits optical antsotropy. 

[0098] The phase transformation behavior of the resulting liquid crystal gel was observed as follows. 

(1) Using a differential scanning calorimeter (DSC), the liquid crystal gel was heated from room temperature to 
150°C at a rate of temperature rise of 15°C/min. A homogeneous isotropic solution of the liquid crystal gel thus 
obtained was gradually cooled while observing peaks of heat generation. 

(2) The liquid crystal gel was cooled from 150°C at a rate of 5°C/min using the DSC, while observing phase behav- 
ior of the liquid crystal gel with a polarization microscope. 

[0099] The results are shown in Figures 2 and 3. Figure 2 shows the phase behavior of the liquid crystal gel (isotropic 
solution region, isotropic gel region, liquid crystal gel region, crystal region, and cholestric phase region) determined 
from the relationships between the ratio of the gelling agent (mol%) and temperature. 

[0100] In the Figure 2, the isotropic solution region is irxfcated by A, the isotropic gel region by B. the liquid crystal 
gel region by C, the crystal region by D, and the cholestric phase region by E. The boundary of the isotropic solution 
region A and the isotropic gel region B is shown by a line L1 ; the boundary of the isotropic gel region B and liquid crystal 
gel region C is shown by a line 12; and the boundary of the liquid crystal gel region C and the crystal region D is shown 
by a line L3. 

[0101 ] These regions are heat reversible, appearing in turn by repetition of heating and cooling. The mixture in the 
isotropic solution region A is a liquid exhibiting fluidity. When the temperature becomes low, the isotropic gel region B 
emerges, where the gel exhibits low fluidity. When the temperature continues to decrease the state of the liquid crystal 
gel region C emerges, where the mixture retains a state of gel extiforting substantially no fluidity. 
[01 02] Figure 3 is a DSC chart (during temperature decrease) of the liquid crystal gel containing the gelling agent in 
an amount of 3.0 mol%. The temperature (°C) is taken along the horizonta! axis, while the peaks of heat generation are 
plotted along the vertical axis. The symbols A to D in Figure 3 correspond to those in Figure 2. 
[0103] As can be clearly understood from Figure 3, when the temperature is lowered from approximately 160°C at a 
constant rate (5°C/min.), a small heat generation peak appears around 84°C indicating transformation of the isotropic 
solution region exhibiting fluidity into the isotropic gel region where the gel exhibits reduced fluidity. When the temper- 
ature is further lowered, another small heat generation peak indicating the temperature at which the gel substantially 
lost fluidity was observed around 74°C. When the temperature is further lowered, a remarkable heat generation peak 
was observed near 31°C. indicating the temperature at which transformation from the liquid crystal gel region into the 
crystal region took place. 

[0104] Figure 4 is an IR spectrum chart of the liquid crystal gel containing 4.0 mof% of the gelling agent at 50°C, 
wherein the wave number (cm' 1 ) is taken along the horizontal axis and the IR absorption ratio (%) along the vertical 
axis. 

[01 05] As can be clearly understood from this I R spectrum, characteristic absorption peaks appear at wave numbers 
3285 cm" 1 and 1637 cm* 1 . The former is the absorption corresponding to the N-H stretch and the latter to the C=0 
stretch. These two absorption peaks do not appear unless molecules of the gelling agent associate. In other words, the 
two peaks indicate that gelling agent molecules are associated via hydrogen bonds. 

[01 06] As described above, the present invention provides a novel material of the liquid crystal gel which comprises 
liquid crystal molecules and a small amount of low molecular weight gelling agent. In addition, Reference Example 2 
demonstrates that a liquid crystal gel with excellent usability can be provided using a gelling agent possessing a mes- 
ogen in the side chain, specifically, by a combination of a diamidecyclohexane derivative having a mesogenlc structure 
in the side chain and a cyanobiphenyl compound. 

Reference examples 3-5 

[01 07] Liquid crystal gels were prepared using 4-n-heptylacy^ , -cyan<*iphenyl as the liquid crystal molecule and 1 ,2- 
bis-(undecylcarbc^amirK>)cydchexane as the gelling agent (Reference Example 3). ^melhoxybenzylidene-p'-buty- 
laniline as the liquid crystal molecule and 1^-bis-(undecylcarbonylamino)cydohexane as the gelling agent (Reference 
Example 4), and 4-n-decanoxy-4'-cyanobiphenyl^ as the liquid crystal molecule and 1 ,2- 

bis-(urxdecylcart)onylarnino) cyclohexane as the gelling agent (Reference "Example 5). 
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[0108] Ttie resulting three liquid crystal gels were evaluated in the same manner as in Reference Example 2. As a 
result the liquid crystal gel of Reference Example 3 was confirmed to exhibit optical anisotropy when containing the gel- 
ling agent in an amount from 0.8 to 9 mor% at a temperature from 25 to 70°C. The liquid crystal gel was further con- 
firmed to be thermoreversible The liquid crystal gel of Reference Example 4 was confirmed to exhibit optical anisotropy 
when containing the gelling agent in an amount from 0.4 to 9 mol% at a temperature from -1 5 to 40°C. This liquid crystal 
gel was also confirmed to be thermoreversible. The liquid crystal gel of Reference Example 5 was confirmed to exhibit 
optical anisotropy when containing the gelling agent in an amount from 0.8 to 9 mol% at a temperature from 32 to 80°C, 
and also to be thermoreversible. 

Example 1 

(Preparation liquid crystal gel) 

[0109] 12.25 g of 4-n-pentyl-4'^rKfcphenyl, as the liquid crystal molecule and 025 g of 1 ,2-bis-(urxlecylcarbo- 
nylamino) cyclohexane, as the gelling agent were dissolved in 100 g of methylene chloride at room temperature to pro- 
duce a homogeneous solution. The methylene chloride was volatilized by drying in a flow of air to obtain a 
homogeneous liquid crystal gel comprising the gelling agent and liquid crystal molecules. 

[01 1 0] This liquid crystal gel was heated at a rate of 1 °C per minute to confirm that the liquid crystal gel is transformed 
into an isotropic solution at 34.4°C by a phase transition. On the other hand, when cooling at a rate of 1°C per minute, 
this liquid crystal gel was transformed from the isotropic solution into a liquid crystal gel by phase transition at 34.3°C. 
The gel stably maintained the state of liquid crystals at room temperature exhibiting no fluidity. 

(Fabrication of liquid crystal device) 

[0111] A liquid crystal device was fabricated using the liquid crystal get prepared by the above method as a light 
adjusting layer according the following process (a) or (b). 

(a) A spacer consisting of particles with an average particle diameter of 16 nm was placed between two sheets of 
glass substrate (20x50 mm 2 ) having electrode layers. Next, the liquid crystal gel was heated and introduced as an 
isotropic solution, and gradually cooled to room temperature, thereby providing a liquid crystal device with a liquid 
crystal gel having no f luicfity as a light adjusting layer. 

Because the liquid crystal gel can be inserted in a liquid state in this process, entrapment of air bubbles can be 
minimized. 

(b) A liquid crystal gel heated to assume a slate of an isotropic solution was applied to a glass substrate (20x50 
mm having an electrode layer using a bar coater, and gradually cooled to room temperature to produce a liquid 
crystal gel layer with a uniform film thickness. Over this glass substrate another glass substrate having an electrode 
layer was laid to obtain a liquid crystal device having a light adjusting layer made from the liquid crystal gel with sub- 
stantially no fluidity. 

According to this process, a liquid crystal gel can be inserted between the glass substrates in a non-fluid state 
so that the fabrication operation such as arrangement of spacers can be carried out with ease. It was confirmed 
that air bubbles were effectively prevented from being entrapped by performing the fabrication operation while 
applying pressure to the glass substrates. 

(Evaluation of liquid crystal device) 

[0112] The liquid crystal device was evaluated according to the following method in conformity to J IS C7072. * 

(1) Driving voltage 

[0113] voltages of the device allowing light transmittance of 90% (Vgo volt) and 10% (V 10 volt) were measured, 
assuming the light transmittance (T) of the device when no voltage is applied to be 0% and the light transmittance (T1 0) 
when no more increase in the light transmittance is observed when the applied voltage was increased to be 100% ff 
Vgo and V 10 are no more than 20 vott, the drive voltage is judged to be sufficiently low to withstand practical use. 

(2) Contrast 

[01 14] The device was removed from the photometry system to measure light transmittance when no voltage was 
applied (T 0 ) and the light transmittance when the voltage measured in (1) above was applied (Tgo), assuming that 
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the light transmittance is respectively 100% and 0% when the light source is on and off. The contrast was calculated 
from the following formula. 

Contrast - T 90 /Tq 

[01 1 5] The larger the value of the contrast, the better the performance of the device. 

[0116] The results of the measurement are shown in Table 1 . In this Example 1, measurement was carried out for a 
black object displayed on a white background. 



TABLE 1 





Driving 


Driving 


Contrast 




voltage V 90 


voltage V 10 


(T 90 /T 0 ) 




(volt) 


(volt) 


Process (a) 


18 


8 


11/1 


Process (b) 


18 


7 


12/1 



20 



Example 2 
ss (Preparation of liquid crystal gel) 

[0117] 14.9 g of ^i^^'-cyanobiphenyl, as the liquid crystal molecule, and 0.167 g of 1 ,2-bis-(1 1 -(4-cyanobiphe- 
nyM'-oxo) urxlec^carbonylamirwjcyclohexane, as the gelling agent, were dissolved in 100 g of methylene chloride at 
room temperature to produce a homogeneous solution. The methylene chloride was volatilized by drying in a flow of air 
30 to obtain a homogeneous liquid crystal gel comprising the gelling agent and liquid crystal molecules. 

[0118] This liquid crystal gel was heated at a rate of 1°C per minute to confirm that the liquid crystal gel was trans- 
formed into an isotropic solution at 34.5° C by a phase transition. On the other hand, when cooling at a rate of 1 °C per 
minute, this liquid crystal gel was transformed from the isotropic solution into a liquid crystal gel by phase transition at 
34.3°C. The gel stably maintained the liquid crystal state at room temperature, exhibiting no fluidity. 

35 

(Fabrication and evaluation of liquid crystal device) 

[0119] A liquid crystal device having a light adjusting layer consisting of the liquid crystal gel produced above was 
prepared by the process (b) in the Example 1 and evaluated in the same manner as in Example 1. The results are 
40 shown in Table 2. 

Example 3 

(Preparation of liquid crystal gel) 

45 

[0120] 14.9 g of 4^-pentyl-4 , -cyanotxphenyl, as the liquid crystal molecule, and 0.334 g of 1,2-bis-{11-(4-cyano 
btphenyl-4'KKO) undecyl<arbonylan™no)cyclc^exane, as the gelling agent were dissolved in 100 g of methylene chlo- 
ride at room temperature to produce a homogeneous solution. The methylene chloride was volatilized by drying in a 
flow of air to obtain a homogeneous liquid crystal gel comprising the gelling agent and liquid crystal molecules. 
so [0121] This liquid crystal gel was heated at a rate of 1 °C per minute to confirm that the liquid crystal gel is transformed 
into an isotropic solution at 34.7°C by a phase transition. On the other hand, when cooling at a rate of 1°C per minute, 
this liquid crystal gel was transformed from the isotropic solution into a liquid crystal gel by the phase transition at 
34.3°C. The gel stably maintained the liquid crystal state at room temperature exhibiting no f luidity. 

55 (Fabrication and evaluation of liquid crystal device) 

[0122] A liquid crystal device having a light adjusting layer consisting of the liquid crystal gel produced above was 
prepared by the process (a) in the Example 1 and evaluated in the same manner as in Example 1. The results are 
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shown in Table 2. 
Example 4 

(Preparation of liquid crystal gel) 

[01 231 5.0 g of DHnethaxybenzylidene-p'-butylaniline, as liquid crystal molecule, and 0.089 g of 1 ,2-bis-(undecylcar- 
bonylamino)cydohexane, as a gelling agent, were dissolved in 100 g of methylene chloride at room temperature to pro- 
duce a homogeneous solution. "The methylene chloride was volatilized by drying in a flow of air to obtain a 
homogeneous liquid crystal gel comprising the gelling agent and liquid crystal molecules. 

[0124] This liquid crystal gel was heated at a rate of 1°C per minute to confirm that the liquid crystal gel is transformed 
into an isotropic solution at 40.0°C by a phase transition. On the other hand, when cooling at a rate of 1°C per minute, 
this liquid crystal gel was transformed from the isotropic solution into a liquid crystal gel by the phase transition at 
39.0°C. The gel stably maintained the liquid crystal state at room temperature exhibiting no fluicfity. 

(Fabrication and evaluation of liquid crystal device) 

[0125] A liquid crystal device having a light adjusting layer consisting of the liquid crystal gel produced above was 
prepared by the process (a) in the Example 1 and evaluated in the same manner as in Example 1. The results are 
shown in Table 2. 



TABLE 2 





Driving 
voltage V w 
(volt) 


Driving 
voltage V 10 
(volt) 


Contrast 
(T 90 /T 0 ) 


Example 2 


14 


6 


12/1 


Example 3 


16 


8 


9/1 


Example 4 


19 


7 


11/1 



[01 26] Blending liquid crystal molecules with a small amount of a gelling agent produces the liquid crystal gel used in 
the liquid crystal device of the present invention, which has substantially no fluidity, exhibits superior form retention 
capability, and provides excellent usability. In addition, the liquid crystal gel was proven to exhibit optical anisotropy 
within a certain temperature range. Moreover, because the liquid crystal gel is heat reversible, its phase condition can 
be adjusted only by controlling temperatures. 

[01 27] Therefore, the use of such a liquid crystal get ensures the liquid crystal device of the present invention to be 
manufactured by a simple process in a short period of time as compared to the liquid crystal devices using conventional 
macromoiecule dispersion type liquid crystals. 

[0128] In addition, the use of such a liquid crystal gel enables the liquid crystal device of the present invention to be 
operated at a low voltage using a general-type circuit while ensuring a high contrast display. 
[0129] Because this liquid crystal gel can easily retain a given shape, the gel can precisely maintain a close space 
between substrates in the liquid crystal device of the present invention. 

[0130] Furthermore, because the liquid crystal gel exhibits no significant hysteresis phenomenon, the liquid crystal 
device using this gel exhibits superb reproducibility in display performance. The device can therefore be used in a vari- 
ety of applications, such as a decorative display plate for publicity or adverfeernerrt boards, a display panel for watches 
and calculators, or other display panels requiring clear display images. 

[0131] A liquid crystal device comprising a light adjusting layer which contains a liquid crystal gel which is composed 
from liquid crystal molecules and a gelling agent and which exhfcrts substantially no fluidity. Also provided are a gelling 
agent, particularly, 1 ,2-bis-(1 1 -^HvanobiphenyM'-oxoJundectf which is capable of easily 

producing the liquid crystal gel; a liquid crystal device made from the liquid crystal gel with substantially no fluidity; and 
a process for fabricating a liquid crystal device capable of providing this liquid crystal device rapidly in a simple manner. 
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Claims 

1 . A liquid crystal device comprising a light adjusting layer which contains liquid crystal molecules and a gelling agent. 

2. The liquid crystal device according to Claim 1 , 

wherein the gelling agent contains at least two functional groups capable of forming an intermolecular hydrogen 
bond and at least two alkylene groups. 

3. The liquid crystal device according to Claim 1 , 

wherein the gelling agent is a compound possessing a chiral structure. 

4. The liquid crystal device according to Claim 1 , 

wherein the gelling agent is at least one compound selected from the group consisting of 1 ,2-bis-(1 1 -<4-cyanobi- 
phenyM'KWDjundecylcarbony 1 ,2^is^ijndecylcajtonylamino)cydc+iexane, 1,2,3,4-dfoenr 

zyiidene-D-sorbrtol. 12-hydraxystearic acid, NMauroyl-L-glutamic acid-a.rbis-n-butylamide, spin-labeled steroids, 
cholesterol derivatives, aluminum dialkylphosphate, phenol-based cyclic oligomers, 2,3-bis-n-hexadecyloxyanthra' 
cene, and cyclic depsipeptides. 

5. The liquid crystal device according to Claim 1 , 

wherein the content of the gelling agent is in the range of about 0.01 to 20 mol% by weight for 1 00 mol% by weight 
of the total of the liquid crystal molecules and the gelling agent 

6. The liquid crystal device according to Claim 1 , 

wherein the liquid crystal molecule is a biphenyl-type molecule, a phenyl cyclohexane-type molecule, a phenylpyri- 
dine-type molecule, a cyctohexylcydohexane-type molecule, or a mixture of two or more of these types of liquid 
crystal molecules. 

7. Trie liquid crystal device according to Claim 1 , 

wherein the liquid crystal molecule is at least one compound selected from the group consisting of 4-n-heptyloxy- 
4"-cyanobiphenyl, p-rnetrraxyber^idene^'-butylaniline, 4-rvdecanaxy^'-cyanobiphenyl I and 4-n-perrtyl-4'-cyano- 
biphenyt. 

8. The liquid crystal device according to Claim 1 

wherein the liquid crystal molecule exhibits optical anisotropy in a temperature range from about -20 to 80°C. 

9. The liquid crystal device according to Claim 1 , 

wherein the thickness of the light adjusting layer is in the range of about 1 to 50 jim. 

10. A process for fabricating a liquid crystal device conprising. 

0 a step of preparing an isotropic solution which contains liquid crystal molecules and a gelling agent 
© a step of applying a layer of the isotropic solution on a substrate, and 

® a step of forming a liquid crystal gel by cooling the laminated isotropic solution to a temperature range 
wherein the laminated layer becomes a liquid crystal gel. 
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